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STUDY TITLE: Soil-Bridge Abutment Interaction 
I G. Abefree~ 
Presented herein are analyses of 6 bridge approaches. Lateral movement and 
settlement of the foundations and embankments are discussed. Result·s of slope 
stability and finite element analyses are related to measured movements. A graph 
for predicting approach pavement settlement is included. 
A theoretical approach model was used to run an extensive series of finite 
element analyses. Movements resulting from these analyses are presented with 
several variable model conditions. Variable conditions include embankment and 
foundation configuration, soil cohesion, and soil friction angle. 
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Il!TRODUCTIOI! 
Settlement of bridge approaches and movements of bridge abutmetlls 
has been a major problent for designers and ntaintenance personnel. ~]l~rl 
reported tl1at 27 states consider tltis a n1Djor problem(l). s~v~ral 
bridge e1pproaches in Kentucky have been reconstructed in attempts tc· 
correct problems associated with continuous movemer1ts. One bridge was 
lengthe11ed due to the ~everity 0f settlement aud movemr?nt of .:~n 
abutment. Patcl1ing is a continuing maintenance exper1se at nearly all 
b_;_.id•Je approaches. In aanu.::~.ry 1964, the Kentucky Depf!rtmE:-nt of Hjghwn.ys 
initiated a study entitled ''Settlement of Highway Bridge Approacltes RJld 
Embat1km0r1t FoUtldations." Tl1at. ~tudy concenti·ated l~rgely on nettl~~ent 
and 1·esul ts were reported by Hopkins { 2) • Partly as a result of th;;t t: 
study, it was decided to study Rll tl1e forces and movements ~t bridge 
approaches and abutments. 
Five of the six ~asc histories r~ported by Hopkins have been 
rear1alyzed for study. One additional bridge site was instrumet1t~d \Jndel· 
this study and results were reported by Allen et al (3). 
of this study were: 
The obj~ctives 
1. provide an experimental analysis of lateral forces exerted 
upon piling used for support of a bridge end-berlt, 
2. ar1~lyze present dcsigr1 procedures related to lateral loads or1 
piles ar1d recommend changes if necessary, 
3. measure magnitude of settlements in fill and foundAtion, 
4. measure and analyze forces exerted on the end-bent, and 
translatiorJal and rotational movement of the end-bent, and 
5. measure downdrag forces on piles. 
Objectives 1, 3, and 4 were analyzed and reported by Allen et al 
(3). Objective 2 was studied and reported by Allen (4). Objective 5 
was not accomplished because of time and funding restrictions. The 
purpose of this final report is to analyze and summarize infot·mation 
gained from tl1is study and the information reported by Hopkins (2). 
Conclusions and recommendations are included herein. 
CASE HISTORIEs' 
The case histories reanalyzed under this study follow. A brief 
summary is given 
contained in the 
for each site; however, 
previously cited references 
detailed information is 
12' 3) • Available site 
geology, instrumentation, geotechnical information and observed earth 
movements are included for each case history. These sites are: 
and 
Site 1 - KY 4 over Parkers Mill Road in Fayette County, Kentucky. 
Site 2 - I 64 over Bull Fork Creek in Rowan County, Kentucky. 
Site 3 - I 71 over Kentucky River in Carroll County, Kentucky. 
Site 4 - I 64 over Slate Creek in Bath County, Kentucky. 
Site 5 - I 471 over Chesapeake Avenue in Campbell County, Kentucky 
Site 6 - I 24 over Eddy Creek in Lyon County, Kentucky. 
Those locations are shown in Figure 1. Abutments at each of those 
sites are founded on point bearing piles driven to rock. 
KY 4 over Parkers Mill Road 
The KY 4 Parkers Mill overpass is located approximately two miles 
southwest of downtown Lexington on the Lexington Peneplain !Figure 2). 
At this site, the approach embankments are approximately 20 feet in 
height and the foundation depth is approximately 12 feet. The 
embankment and foundation soils are silty clays developed primarily from 
limestone and shales. Those soils are relatively plastic but, due to 
bedrock conditions and fragmentary structure, they are highly permeable. 
Soil samples were obtained approximately seven years after 
completion of construction. Consolidated-undrained triaxial tests with 
pore pressure measurements were performed. The effective stress 
parameters o' and c' of the embankment soils were 28.5 degrees and 606 
pounds per square foot, respectively. The effective stress parameters 
o' and c' of the foundation soils were 28.8 degrees and 214 pounds per 
square foot, respectively. 
Embankment construction began in May 1966, and was completed in 
September 1966. The embankment material was placed in one-foot lifts 
with good compaction. Approach pavements were placed in November 1966. 
One single-point settlement gage was installed on the foundation of the 
northwestern approach prior to embankment placement (Figure 3). 
2 
Foundation settlement after approximately 800 days was one inch 
with BO percent of the settlement occurring by the time the approach 
pavement was constructed (Figure 4) 0 Approach pavement settlement was 
0.3 to 0.5 inch with a settlement cradle from 75 to 100 feet (Figures 5 
and 6). 
No significant embankment erosion was visible at the site. 
I 64 over Bull Fork Creek 
I 64 crosses Bull Fork Creek and Bull Fork Road on twin bridges in 
Rowan County (Figures 7 and 8). Construction of the western embankment 
began in January 1967 and was completed in July 1967. Construction of 
the eastern embankment began in August 1967 and was completed in October 
1967. Approach pavements were constructed in October 1968. 
The eastern and western approach embankments are 75 and 65 feet 
high, respectively. The approach foundations are approximately 18 feet 
thick. Foundation material is mostly alluvium with soft locations. 
Average natural moisture content of the foundation was 30.0 percent. 
The average liquid limit was 30.0 percent and the plasticity index was 
6.8 percent. 
Embankment material was generally a greenish shale and sandstone 
obtained from the Waverly Formation. Natural moisture content of the 
embankment ranged from 8 to 40 percent. The liquid limit ranged from 25 
to 31 percent and the plasticity index ranged from 4 to 11 percent. 
Consolidated-undrained triaxial tests with pore pressure measurement 
indicated the effective stress parameters 0' and c' were 29.8 degrees 
and 69 pounds per square foot, respectively. The embankment was placed 
in 2- to 3-foot lifts with poor compactive effort. 
Instrumentation at this site (Figures 9 and 10) included a 
settlement gage on the foundation of each approach, three piezometers in 
the western foundation, and a slope inclinometer at the top of the 
eastern embankment slope. The slope inclinometer was installed in 1970, 
about three years after embankment construction was completed. Points 
for monitoring movement of the foundation at the toe of the embankment 
were established prior to the beginning of construction. 
The western and eastern approach foundations settled 10.0 and 17.0 
inches, respectively (Figures 11 and 12). In both cases, virtually all 
of the settlement had occurred by the time embankment construction was 
3 
complete. Honitoring the points established at the toe of the 
embankment revealed no movement during or after construction. 
The eastern approach pavement settled 4.9 inches in 3.1 years with 
the settlement cradle extending 295 feet from the bridge (Figures 13, 
14, 15, and 16). P;,.vement settlement of the western approach was 3.5 
inches in 3.1 years with a settlement cradle of· approximately 200 feet 
(Figures 17, 18, 19, and 20). Pavemer1t settlement at this site is 
apparently the result of embankment subsidence. 
As noted enrlier, there was very little foundation movement at the 
toe of the embankment but the slope inclincmPter installed two years 
later revealed significant laterRl. movement of the embankment. Lateral. 
movement between 1970 and 1980 near the bottom of the embankment was 1.5 
inches. Lateral movemer1t near the top of the embankmer1t was roughly 7.0 
inches (Figure 21). Within 2 to 4 feet of the surface, lateral movement 
was as great as 10 inches. 
Pore pressure nteasurernents in the western approach foundation 
indicated pressure increasing to near critical levels as 
elevations increased. Significar1t embankment erosion 
abutment has occurred. 
I 71 over the Kentucky River. 
embankment 
near the 
I 71 crosses the Kentucky River on twin bridges in Carroll County. 
(Figures 22 and 23). The southwestern approach embankment was begun on 
August 26, 1966 and completed in October 1966. The soutlwestern 
approach has a foundation depth of approximately 100 feet and an 
embankment height of 35 to 55 feet. The approach pavement was placed in 
September 1968. 
The foundation material is composed of alluvial deposits of clay, 
sand, and silts. Natural water contents ranged from 17.5 to 31 percent. 
Liquid limits ranged from 23 to 36 percent for the more clayey zones and 
the sandier zones ranged from non-plastic to 20 percent. Plasticity 
indices ranged from non-plastic to 14 percent overall. Triaxial 
compression tests indicate an average friction angle of 28 degrees and 
degrees and an average cohesion of 187 pounds per square foot. The 
average unconfined compressive strength was approximately 2,300 pounds 
per square foot. 
4 
Soil samples were obtain8d in 1970 while drilling for a slope 
inclinometer installation. Consolidated-undrained triaxial tests 
perforn1ed on those samples it1dicated effective stress parameters 0' and 
c' of the embankment soil to be 24.8 degrees and 250 pounds per square 
foot, respectively. Embankment and foundation configuration and "oil 
properties are shown in Figure 24. Embankment material was placed in 
one foot lifts with medium to good compaction. 
Instrumentation included six piezometers at various locations, two 
settlement gages and two slope inclinometers (Figu>·e 24). The 
piezometers and settlement gages were installed in and on the foundation 
during construction. Slope inclinomet8rS were installed in 1970, 
approximately four years after the embankment was completed. 
As seen in Figure 24, the embankment cross section is sorrewhat 
irregular . Foundation settlement under the higher fill (55') rBached 
. approximately 23 inches (Figure 25) while settlement under the lower 
fill reached approximately 19 inches (Figure 26). At both locations, 
nearly 85 percent of total measured foundation settlement had occurred 
by the time the embankment was complete. 
Pavement settlement was monitored from October 1968 to June 1972. 
Pavement settlement over the more shallow fill was approximately 1.5 
inches with the settlement cradle extending 310 feet (Figures 27 and 
2 8) • Pavement settlement 
settlement cradle was 300 
over the higher fill was 2.8 inches and the 
feet long (Figures 29 and 30). Projected 
foundation settlement, when compared to measured pavement settlement, 
would indicate that most pavement settlement is due to secondary 
consolidation at the foundation. 
Two slope inclinometers were installed in the southwest approach in 
July of 1970, some four years after completion of the embankment. Both 
inclinometers were installed near the bridge abutments with inclinometer 
1 located near the westbound lanes and inclinometer 2 located near the 
eastbound lanes. Slope inclinometer data indicate no significant 
lateral movement of the approach since the inclinometers were installed. 
During the 14 years of monitoring, 
than one inch (Figures 31 and 32), 
lateral movement was generally less 
except at the top two to four feet 
where up to two inches of movement occurred. 
From stability analyses, it was determined that a pore pressure 
increase equivalent to a static water table elevation of 466 feet would 
5 
be the maximum acceptable pressure increase. Monitoring of the 
piezometers indicated a pressure increase at piezometer 6 equivalent to 
a water table elevation of 468 feet. Construction was halted until the 
pore pressure decreased. 
I 64 - Slate Creek 
I 64 crosses Slate Creek ar1d Kendall Sprin~s Road over twin bridges 
in Bath County (Figures 33 and 34). The eastern approach embankment is 
55 feet high and the approach foundation is approximately 12 feet thick. 
The embankment was cor1structed of greenish nondurable shale with 
limestone rock. Lift thicknesses were two to three feet with poor 
compaction. 
Foundation material is an alluvial sandy silty clay. Natural 
moisture contents ranged from 22.6 to 24.1 percent. The friction angle 
for this material was 28 degrees and cohesion was 0. Liquid limits 
ranged from 27 to 34.5 percent and plasticity indices ranged from 6.3 to 
9.2 percent. Those soils classified as A-4 by the AASHTO System and H2 
by the Unified System. 
Construction of the embankment began on November 23, 1965 and was 
completed in June of 1966. The approach pavement was placed in July of 
1967. A single point settlement gage was placed on the foundation of 
the eastern approach. 
installed between the 
In August 
abutments of 
1970, 
the 
a slope inclinometer was 
eastern embankment, Station 
1622+80. Instrumentation locations are shown in Figure 35. 
The settlement gage was only sp0radically readable. Se.ttl.ement: 
data indicate a final foundation settlement of 4 inches with virtually 
all of that occurring by the time the embankment was complete (Figure 
36). By May 1970, the east approach pavement had been raised six to 
seven inches by mudjacking. 
Approach pavements 
The eastbound pavement 
were monitored from August 1967 to May 1970. 
(Figure 371 settled a maximum of 4.8 inches at 
the shoulder or outside edge of the pavement. The settlement cradle was 
200 feet. Settlement at the centerline was 3.0 inches with a cradle of 
75 feet. At the median or inside pavement edge, settlement was 2.4 
inches and the cradle was 100 feet. The westbound approach pavement 
settled approximately 2.0 ;nches across the pavement with the cradles 
being 100 feet (Figure 38). 
1979. 
39) • 
near 
The slope iJJclinometer installed in 1970 was monitored tl1rough 
Maximum lateral movement during that time was 1.4 inches (figure 
Tl1ere is visual evidence of sig11ificant erosior1 o[ the embanl~n1ent 
the abutment at this site. 
I 471 over Chesapeake Avenue 
I 471 crosses Chesapeake Avenue in Campbell County (Figure 40). At 
this site, the southern bridge approach was instrumented and monitored. 
The approac!J fills are 45 feet ar1d 60 feet high for the south and notth 
approaches, respectively. The foundation for the south approach is 
irregulnr and on a steeply sloping rock lin'?. Hear the location of the 
south end-bent, the foU11dation depth is approximately 30 feet (Figure 
41) . 
Bedrock at this site is tl1e Kope Formation of the Eden Group. This 
formation is comprised of 75 to 80 percent sl1ale with interbedded 
limestone. This shale weathers rapidly ar1d is known as having poor 
engineering performance. Samples obtained from this foundation material 
indicated natural moisture conte11ts ranging from 15 to 30 percent. 
Liquid limits ranged from 22 to 54 percent, and the plasticity indices 
ranged from 2.4 to 29 percent. This material is generally classified as 
CL with an internal friction angle of 26.0 degrees and cohesion of 288 
pounds per square foot. 
Construction of the south approach embankment began in June 1978. 
In September 1978, the south embankment failed and the north embAnkment 
was begun in an attempt to stabilize the failure. Both embankments wP.re 
completed by October 1979. Embankment material was placed in 2- to 
3-foot lifts with poor compaction. 
mid 1981. 
Approach pavements were placed in 
Instrumentation at this site included settlement gages placed on 
the foundation and at various elevations in the embankment. Slope 
inclinometers were placed around the toe of the embankment, through the 
embankment, and on the end-bent piling. A settlement platform was 
placed on the foundation and earth pressure meters were placed on the 
end-bent faces. Approach pavement elevations were also monitored for 
settlement. Instrumentation locations are shown in Figures 42 and 43. 
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Foundation settlement (Gage 1) was approximately 11.5 inches irl 
April 1980 with the rate of settlement slowing at that time (Figure 44). 
Gage s ,approximately 28 feet higher in the embankment, indicated 
settlement of 16 inches with 11 to 12 inches occurring by April 1980 
(Figure 45). The top level of gages (Gages 7 and 8), approximately 40 
feet above the foundation, settled 14 to 16 inches with approximately 8 
inches occurring in the material (foundation and embankment) below G~ge 
3 (Figure 46). 
The settlement platform indicated settlement of 9.7 inches in Arril 
1980 which is nearly identical to a nearby point on the foundation 
settlement gage (Figure 47). 
Slope inclinometer data indicate maximum movement at the toe of 
embankment of 1.4 inches with most of the movement within 5 feet of tile 
surface. Lateral movement at the top of the slope was 2.5 inches with 
the entire embankment moving to some extent. Slope inclinometer data 
are shown in Figures 48 through 52. Locations of those inclinometers 
are shown in Figure 42. 
Earth pressure meter dnta suggest a possible end-bent rotation due 
to embankment movement toward the bridge. Slope inclinometer~ata tet1d 
to substantiate that possibility. Pressure distribution, as indicated 
by pressure meter data, on the vertical face of the abutment is shown in 
Figure 53. 
The approach pavement settled approximately one fool from September 
1981 through June 1986. The settlement cr~dle was approximately 100 
feet long (Fiqure 54). The so11th approach was mudjacked approximately 
two years after the road was opened to traffic. 
I 24 over Eddy Creek 
The bridge approaches on I 24 over Eddy Creek in Lyon County were 
instrumented and monitored (Figure 55). That site differs from tl1e 
previously discussed sites in that the approach pavements were placed 
approximately 8 years after the embankments were complete and no 
pavement settlement data are available. Foundation depths range from 
20.0 to 40.0 feet and is a clayey - silty alluvial deposit. Natur~l 
moisture contents of the foundation material ranged from 17 to 63 
percent. The average effective friction angle, 0', was 31 degrees, and 
the average effective cohesion, c', was 120 pounds per square foot. 
Embankl'lent height was 35 feet (Figure 56). 
Embankment construction was begun in Hay 1968 attd both approaches 
were complete by December 1968. 
until 1976. 
Approach pavements were not plac~~ 
Settlement platforms placed on the foundatio~ indicated total 
foundntion settlement over a three-year period to be 18.0 to 19.0 inches 
with more than 90 percent occurring by the time tlte embankrrent wa.s 
complete. Visual observation in 1985 indicated that pavement settlerrent 
was slight, probably less tltRn 0.5 inch. 
STABILITY AIIALYSES 
Slope stability Rnalyses were conducted for e~clt nf the dj,;cuso."d 
sites. The analyses were perfomed using HOFK-1 (5), a st~bility rrodel 
and computer program developed by Hopkins. Post construction conditinns 
and soil parameters were used for the analyses. Safety factors ranged 
from 1.12 to 2.80 and are listed in Table 1. The safety factor of 1.18 
at I 471 over Chesapeake Avenue was for conditions after stabilization 
of the failure. At the time the analysis was conducted, the water table 
was rising significantly. If the rise continued at the rate indicated 
by the most recent data, the safety factor is approaching 1.00. This is 
a possible explatlation of the extreme pavement moven>ents occurring at 
tltat site. Stability analyses sections for all sites are shown in 
Figures 57 through 62. 
Five of th~ sites, Bull Fork 
34.5 feet and 55 feet fills, and 
Creel:, Slate Creef:, Kentucky River 
Parkers Hill Road were analyzed for 
varied soil strength parameters. Soil weight per unit volume (density) 
was chosen to be the controlling variable. It was chosen because 
density is easily monitored and controlled in the field. The cohesion 
versus wet density of a typical shale, Crab Orchard, was determined from 
data publlshed by Hopkins (6). Data for cohesion of 550 to 1,200 pounds 
per square foot were available. Data above and below these values were 
extrapolated and are shown in Figure 63. Safety factors for the various 
sites and cohesion values are shown in Figure 64. The safety factor at 
all sites increased with an increase of cohesion with the sharpest 
safety factor increase being from a cohesion of 0 psf to a cohesion of 
500 psf. At 0 psf, cohesion safety factors ranged from 1.05 to 1.37. 
At 500 psf, cohesion safety factors ranged from 1.55 to 2.44. This 
ll 
illustrates the need for good compaction during embanl~n1ent construction. 
FII1ITE ELEllEIIT AIIALYSES 
SF2veral analyses were pet·formed on the actual study sites fltld a 
variety of theoretical models. A finite element model was used for t!I2 
analyses. The finite eleme11t program 
Ozawa and Duncan (7). The objective 
predicted moveme11ts and to develop a 
used, ISBILD, was developed by 
was to compare measured and 
method of predicting embanl:ment 
movement. This, in turn, would facilitate predi~tion of pavement 
settleme11t for use in future bridge and bridge approach design. 
Six study sites were modeled and analyzed with finite elen1ents. 
Several theoretical embankme11t models wrre analyzed. In the theoretical 
models, the foundation depth, embankment height, percent slope, a11d soil 
strength parameters were varied. Actual site models were atlalyzed for 
existing conditions, as well as could be determined, and results were 
compared to measured soil movements. Actual site models were also run 
witl1 varied soil strei1gtl1 parameters in an effort to determj.11e 
conditions at whicl1 unacceptable en1bankment movements tgould occur. Soil 
strength parameters were varied in the same manner as described in the 
Stability Analyses section, where a series of density values are assumed 
and other parameters are related to density. While model element 
stresses are an output of ISBILD, the primary interest was directed 
toward element strain. Strain was represented by x (horizontal), y 
(vertical), and total (resultant) component. 
Actual site models and existing conditions are prenented in 
Appendix along with the final strain coJJditions of the model components. 
ISBILD does not consider long term creep or secondary consolidation; 
therefore, elements at the top of the model do not indicate ~train. 
This is obviously not the case and ISBILD is not a practical tool for 
directly predicting surface movement. 
Because it is important to evaluate the various elements 
contributing to surface movement, ISBILD predicted vertical strain at 
the foundation - embankment interface. That strain was compared to 
observed settlement at similar locations. These data are shown in Table 
1 and are graphically displayed in Figure 65. In four of six cases, 
ISBILD predicted more settlement than was measured in the field. ISBILD 
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strain values for the series of actual site models are plotted !n 
Figures 66 through 75. 
Serien of theoretical models for varied foundation depths, fill 
heights, percent slope, and soil strength parameters were analyzed. 
Soil strength parameters were varied as described in the Stability 
Analyses section. Seventy five sets of conditions were analyzed. In 
Table 2, the variables and constants for each analysis are listed. 
Initial analyses were conducted on full and symmetrical approach cross 
sections. Strain on each side of centerline was equal; tl1erefore, a 
half cross section was used to reduce computer time. The finite elemetJt 
grid used for all theoretical models is shown in Figure 76. 
Embankment Strain 
Maximum vertical strains (settlements) for a series of theoretical 
embankments are shown in Figure 77. These models use constant soil 
strength parameters (foundation cohesion equals 250 pounds per square 
foot and friction angle equals 24 degrees). The embankment cohesion 
equals 900 pouJ1ds per square foot and the friction angle equals 29 
degrees. The variables in this series are foundation deptll (5, 10, 15, 
20, and JO feet), embankment height (40, 100, and 200 feet), and side 
slope (2:1, 2.5:1, and 3:1). Embankment settlement increases with 
increasing foundation depths and with increasing slope steepness, but 
the more significant settlement is related to embankment height. 
Maximum settlement for emb3nl:ments of 10 feet is approximately one third 
(.33) of the settlement for 100-foot embankments and approximately one-
eighth (.125) of the settlement for 200-foot embankments. Haximum 
settlement consistently occurred near the top of the embankment at node 
78 (see Figure 76). 
Lateral strain for that s~ries of models was not so clearly related 
to embankment height. The greatest lateral strain was on 200-foot 
embankments (2:1 and 2.5:1) but lateral strains for that series were 
scattered as shown in Figure 78. Maximum lateral strain for this series 
occurred near the toe of the slope at node 62 or 67 for 2:1 slopes, and 
at nodes 72 or 77, near midslope, for 2.5:1 and 3:1 slopes (see Figure 
76) . 
Series of analyses were conducted with a constant foundation depth 
(20 feet) and embankment height (100 feet). In those seti«s the 
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embankment cohesion and soil unit weight were varied. 
and lateral strains are shown in Figures 79 and 80 
Naximum vertical 
respectively. As 
sl1own in Figure 79, vertical strain decreases by approximately 25 
percent as cohesion increases from 0 to 2,000 pourtds per square fo0t. 
Lateral strain is more noticeably affected by changes in col1esion with 
strain for all slopes decreasing by approximately 62 percent over the 
range of cohesion change. On slopes of 2.5:1 and 3:1, most lateral 
~train occurred between 0 and 500 pounds per square foot. On the 2:1 
slope, lateral strain decreased significantly up to a cohesion of 1,000 
pounds per square foot. 
Series of analyses were conducted with the friction angle and side 
slope as the variables and the constants being a foundation of 20 feet, 
embnnkment of 100 feet, and embankment cohesion of 900 pounds per square 
foot. The friction angle was varied from 21 to 33 degrees and the side 
slopes were 2:1, 2.5:1, and 3:1. Naximum vertical strain was not 
greatly affected by the side slope. Vertical strain for a 3:1 slope at 
any friction angle was approximately 84 percent of the strain for a 2:1 
slope. Vertical strain decreased with increased friction angles with 
approximately 31 percent reduction in strain from friction angles of 21 
to 33 degrees. 
Lateral strain for any side slope decreased approximately 37 
percent with an increase in friction angle from 21 to 33 degrees. The 
most striking change in lateral strain in this series is related to side 
slope. Lateral strain at any friction angle decreased by approximately 
31 percent from a 2:1 slope to a 2.5:1 slope and by approximately 50 
percent from a 2:1 slope to a 3:1 slope. 
are shown in Figures 81 and 82. 
Foundation Strain 
Strain values for this series 
A phenomenon of interest to approach designers is the lateral 
strain or lateral squeeze in the foundation. Lateral squeeze was 
computed in the analysis series with foundation depths, embankment 
heights, and side slopes as variables. In this series, the foundation 
soil strength parameters were constant at a cohesion of 250 pounds per 
square foot and a friction angle of 24 degrees. Finite element 
foundation strain data are probably more accurate than embankment data. 
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Lateral squeeze, in most cases, increases with increasiilQ 
The exceptions to foundation depth, embankment height, or side slope. 
this are cases having very high embankments (200 feet) and shalloP 
foundations (5 or 10 feet). In those cases, lateral squeeze decreased 
as foundation depth' increased up to 10 or 15 feet in depth. Lateral 
squeeze ranged from 0.35 foot to 5.8 feet. High embankments (200 feet) 
having steep slopes (2:1 or 2.5:1) produced the· greatest lateral squeeze 
(Figures 83, 84, and 85). In most cases, the maximum lateral squeeze 
occurred at the toe of the emba11kment (node 55) or at the adjacent node 
(node 56). See Figure 76 for node locations. 
Foundation vertical strains, 
theoretical models are presented in 
generally increases with increasing 
height. .1\s seen in those figures, 
settlements, for this 
Figures 86 througl1 88. 
foundation depth and 
side slope has little 
series of 
Settlement 
embankment 
effect on 
foundation settlement. In Figure 89, foundation settlements for the 
different foundations are plotted and a line fitted to the points 
representing each embankment height at each side slope. 
SU!lMARY OF FIELD DATA AND OBSERVATIONS 
All sites, except I 24 over Eddy Creek, have required pavement 
maintenance in the form of patching and/or mud-jacking. At the I 24 
over Eddy Creek site, the embankment was completed approximately 8 years 
prior to pavement construction. Paveme11t settlements, excluding the 
Eddy Creek site, ranged from 0.5 inch to approximately one foot. 
Pavemer1t settlement at I 24 over Eddy Creek was negligible. 
The primary factor contributing to pavement settlement appears to 
be embankment subsidence with secondary consolidatiorr of the foundation 
and embankment erosion contributing to a lesser degree. A large part of 
embankment subsidence probably occurs as a result of poor compaction or 
too steep slopes. At sites where the lift thickness was 2 to 3 feet and 
compaction was not good, considerable pavement settlement occurred. 
Considering the height of the embankment alone does not provide a good 
indicator of pavement settlement. The embankment height along with the 
safety factor calculated from the slope stability analysis seem to 
provide a better settlement predictor. In Figure 90, the height of the 
embankment divided by the square of the safety factor is plotted versus 
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pavement settlen1ent for each s1.te. As seen in that figure, a qood 
Data correlation between pavement settlen1e11t and the variables exists. 
for ono site, I 471 over C!1esapeake Avenue, do not fit this relationshir 
very well. The low safety factor at that site along >~ith the previous 
failure and a water table that has been rising could produce a ncar 
failure condition. 
An embankment phenomenon noted in an earlier report by Allen et al 
( 8) possibly contributes significantly to pavement settlement. 
Embankments, especially higher ones, tend to slump with more of the 
movement occurring near the sloped surfaces. Slumping 
feet). 
is illustrated by 
In Figure 91, plottina data from a high embankment (190 
settlement of a point near the emba11kment surface is plotted versus 
time. It may be seen that a large part of the slumping occurs in less 
than two years. In reviewing slope inclinometer and pavement settlement 
data from the bridge approach sites, it appears the slope inclinometers 
were not installed soon enough to reveal the initial slumping. At every 
site, most of the pavement settlement occurred less than two years after 
placement of the pavement. 
a near-surface movement. 
!!early all slope inclinometer data indicate 
The erosion most often contributing to pavement settlement probably 
occurs around the bridge abutment. There is appare11tly a tendency for 
surface water to drain along the abutment surfaces and remove embankment 
material. This contributes to embankment subsidence very near the 
ab11tment. 
RECO!ltJE!IDATIO!IS 
Future approach construction directed toward minimizing embankment 
subsidence should include: 
1. Ccnstruction of thinner embankment lay~rs or lifts. Compacted 
lift thickness for fine or coarse grained soils would range from 
6 to 12 inches as defined in NAVFAC DM-7.2, May 1982 (9). Durable 
rock, excluding shale, should have a compacted lift thickness of 
2 feet. Durable shale, SDI greater than 95 percent from 
Kl!-64-513 (79), should have lifts not greater than 1.5 foot. 
Shales with SDI between 95 and 60 percent should have loose lift 
thicknesses not greater than 12 inches. Shales with SDI less than 
60 percent should have loose lifts not greater than 8 inches ( 2) • 
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2. More compactive effort during construction (2). Shales should be 
brought to optimum moisture (ASTtl D 698), disked, and ce>mpactect 
with static and vibratory rollers to 98 percent maximum dry 
density (AST!I D 698). 
3. Flattened slopes (3: 1), 
4. Surcharging the embankment, and 
5. Select material and drainage facilities around the abutment, and 
allowing as much time as possible between completion of the 
eJnb<mkment and plRcement of the pavement. Efforts to enllFtnce 
compaction and configuration of the embanl<ment would increase the 
safety factor which would decrease pavement settlement. 
6. It is recommended that newly designed bridge approaches be designed 
with self-supporting approach slabs. One end of the slab would 
be anchored to tl1e bridge and COJlstructed in a manner that would 
permit rotation about an axis perpendicular to the bridge. The 
end of the slab farthest from the bridge would be constructed 
on a footer that could move as the embankment settled oi slumped. 
These approach slabs are particularly important in the western 
portion of Kentucky where there is a high risk from earthquakes. 
Experience in California has shown many approach embankments 
settle during an earthquake. An approach slab similar to the one 
described above would remain in service if the embankment settled 
sev<>ral inches. 
Secondary consolidation of tl1e foundation generally contributes a 
lesser, but significant, portion of pavement settlement. This portion 
of pavement settlement often requires 10 to 20 years to become 
insignificant. Sites where foundation settlement would contribute most 
to pavement settlement would be deep foundations of predominately clay 
with slow draining natures. These sites could be improved by use of 
sand drains or wick drains. Surcharging the embankment would also 
decrease the amount of foundation settlement occurring after placement 
of the pavement. 
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Slate Creek. 
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Figure 59. Stability Analysis Section along Centerline, I 71 
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over the Kentucky River. 
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Figure 61. Stability Analysis Section of I 64 over Slate Creek. 
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Figure 63. Cohesion Versus Wet Density of Crab Orchard Shale. 
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Figure 66. ISBILD Predicted Lateral Movement at Parkers Mill 
Site. 
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Figure 67. ISBILD Predicted Settlement at Parkers Mill Site. 
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Figure 68. ISBILD Predicted Lateral Movement at Slate Creek 
Site. 
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Figure 69. ISBILD Predicted Settlement at Slate Creek Site. 
85 
263.81 263.81 
226.13 226.13 
188.44 188.44 
150.75 , 50.75 
1, 3.06 113.06 
75.38 75.38 
37.69 37.69 
Figure 70. ISBILD Predicted Lateral Movement at I 471 (34.5 feet} 
over the Kentucky River. 
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Figure 71. ISBILD Predicted Settlement at Slate Creek Site. 
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Figure 72. ISBILD Predicted Lateral Movement at I 471 Site. 
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Figure 73. ISBILD Predicted Settlement at I 471. 
89 
297.00 297.00 
247.50 247.50 
198.00 198.00 
148.50 148.50 
99.00 99.00 
49.50 49.50 
Figure 74. ISBILD Predicted Lateral Movement at Bull Fork Site. 
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Figure 75. ISBILD Predicted Settlement at Bull Fork Site. 
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Figure 77. Embankment Settlement for Theoretical Models with 
Constant Soil Strength Parameters. 
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Figure 78. Embankment Lateral Movement for Theoretical Models 
with Constant Soil Strength Parameters. 
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with Constant Fill and Foundation Depths. 
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Figure 81. Embankment Settlement for Theoretical Models with 
Constant Fill and Foundation Depths and Cohesion. 
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Figure 82. Embankment Lateral Movement for Theoretical Models 
with Constant Fill and Foundation Depths and Cohesion. 
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Figure 83. Foundation Lateral Movement for Theoretical Models 
with Constant Soil Strength Parameters at 3:1 Slope. 
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Figure 86. Foundation Settlement for Theoretical Models with 
Constant Soil Strength Parameters at 3:1 Slope. 
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Figure 87. Foundation Settlement for Theoretical Models with 
Constant Soil Strength Parameters at 2:1 Slope. 
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Figure 88. Foundation Settlement for Theoretical Models with 
Constant Soil Strength Parameters at 2.5:1 Slope. 
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feet) in Laurel County, Kentucky. 
107 
TABLE 1. SITE CONDITIONS 
I I FOUNDATION I FILL I FOUNDATION SETTLEMENT I 
I 1--------------------------------1--------------------------------1------------ ------------
1 SITE I COHESION I FRICTION I UNIT I COHESION I FRICTION I UNIT I FINITE FOUNDATION SAFETY 
I I !'SF I ANGLE I IIEIGIIT I !'SF I ANGLE I IIEIGIIT I ELEMENT SE'I''I'LEHEN'i' FACTOR 
I I I DEGREE I PCF I I DEGREE I PCF I INCHES INCHES I 
l--------------l----------l----------l----------l----------l----------l----------1------------ ------------ ----------1 
I BULL FORK I 0.0 I 31.0 I 130.0 I 69.0 I 29.8 I .130.0 I 20.9 17.0 1.21 I 
I EAST I I I I I I I I 
l--------------l----------l----------l----------l----------1----------l----------l------------ ------------ ----------1 
I BULL FORK I 0.0 I 31.0 I 130.0 I 69.0 I 29.8 I 130.0 I 1.35 I 
0 I liES'!' I I I I I I I I 
00 l--------------l----------l----------l----------l----------l----------l----------1------------ ------------ ----------1 
I PARKERS lULL I 214.0 I 28.8 I 128.0 I 606.0 I 28.5 I 124.0 I 4.2 1.3 2.53 I 
l--------------l----------l----------l----------l----------l----------l----------1------------ ------------ ----------1 
I SLATE CREEK I 0.0 I 28.0 I 130.0 I 0.0 I 28.0 I 130.0 I 8.6 4.0 1.12 I 
l--------------l----------l----------l----------l----------l----------l----------l------------1------------ ----------1 
I I 24 I 120.0 I 31.0 I 120.0 I 120.0 I 31.0 I 120.0 I I I 2.8 I 
1--------------l----------l----------l----------l----------l----------l----------l------------l------------l----------l 
I I 471 I 0.0 I 27.4 I 131.0 I 0.0 I 25.9 I 131.0 I 11.5 I 11.4 I * <1.18 I 
l--------------l----------l----------1----------l----------l----------l----------l------------l------------l----------l 
I I 71 I 103.0 I 29.6 I 127.0 I 250.0 I 24.8 I 121.0 I 19.22 I 19.5 I 1.52 I 
I 1'134. 5 I I I I I I I I I I 
l--------------l----------l----------l----------l----------l----------l----------1------------l------------l----------l 
I I 71 I 103.0 I 9.6 I 127.0 I 250.0 I 224.8 I 121.0 I 24.5 I 23.0 I 1.37 I 
i t55.0 I I I I I I I I I I 
l--------------l----------!----------l----------l----------l----------1----------l------------l------------l----------l 
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PARKERS HILL 
65 
61 
K 77 
72 
flG 66 
II ~59 
~l ~51 
I 
l"~' 
42 
28 
_j~14 -- - - - - -~-$--<>:_ --":_ - -- - -
;;::; ISO J7S 200 22S 2SO 27S 300 
.:..rC.=! .: ZC:f.l !RL. 0.-sT.!:!NCE rFEETJ 
PARKERS MILL 
MAT UNIT WT K 
~iODULUS 
KUR N D 
f'OISSON RATIO 
G F c PHI FAIL. RATIO KO Cl 
I 145.0000 51.0 153.0 1.2600 5.2056 0.3000 0.1400M•~•••vMW* 0.0 0.9200 0 .o 38.0 
2 124.0000 51.0 90.0 1.2600 5.2056 0.3000 0.1400 606.0000 28.5000 0.9200 o.o 58.0 
3 128.0000 51.0 76.0 1.2600 5.2056 0.3000 0.1400 214.0000 28 ,8000 0. 920 0 0.5000 36.0 
NP DEL TA-X DEL T A-V X·DISP V-DISP TOTAl NP 
I 0.0 0.0 0.0 0.0 0.0 I 
2 0.0 0.0 0.0 0.0 0.0 2 
3 0.0 0.0 0.0 0.0 0.0 3 
4 0.0 0.0 0.0 0.0 0.0 4 
5 0.0 0.0 0.0 0.0 0.0 5 
6 0.0 0.0 0.0 0.0 0.0 6 
7 0.0 0.0 0.0 0.0 0.0 7 
0 0.0 0.0 0.0 0.0 0.0 8 
9 0.0 0.0 0.0 0.0 0.0 9 
10 o.o 0.0 0.0 0.0 0.0 10 
II 0.0 0.0 0.0 0.0 0.0 11 
12 0.0 0.0 0.0 0.0 0.0 12 
13 o.o 0.0 0.0 0.0 0.0 13 
14 0.0 0.0 0.0 0.0 0.0 14 
IS 0.0 -0.0005 0.0 -0.1721 0.1721 15 
16 -0.0009 -0.0001 -0.0147 -0.1745 0.1751 16 
17 0.{)070 -0.0013 0.1225 -0.3012 0.3252 17 
10 (). 0076 -0.0036 0.1546 -0.3326 0.3668 !8 
19 0.0083 -0.0066 0.1966 -0.4420 0.4837 !9 
20 0.0100 -0.0074 0.2690 -0.5999 0.6575 20 
21 0.0110 -0.0065 0.3874 -0.6221 0.7328 21 
22 0.0038 0.0009 0.2475 -0.1783 0.3050 22 
23 0.0021 0.0005 0.2112 ·0.0622 0.2202 23 
24 0.0012 0.0003 0.1371 0.0102 0.1374 24 
25 0.0009 0,0002 0. 1040 0.0054 0.1041 25 
26 0.0005 0.0001 0.0629 ().0090 0.0636 26 
27 ·0.0000 0.0000 -0.0058 0.0014 0.0059 27 
28 0.0 -o.oooo 0.0 -0.0015 0.0015 28 
29 0.0 -0.0029 0.0 8 0.!1251 0.3251 29 
30 -0.0013 -0.0030 -0.0423 ·0.3263 0.3290 30 
31 0.0099 -0.0047 0.2540 -0.4710 0.5352 31 
32 0.0126 -0.0052 0.3231 ·0.5292 0.6200 32 
33 0. 0134 -0.0075 (I' 4114 -0.6262 0.7492 33 
34 0.0129 -0.0080 0.4594 ·0.7211 0.8550 34 
35 0.0095 -0.0047 0.4572 -0.6804 0.8198 35 
36 0.0086 0,0027 0.5854 ·0.2294 0.6288 36 
37 0.0049 0.0013 0.5987 ·0.0543 0.6012 37 
38 0.0028 0.0013 0.4389 0.1193 0.4548 38 
39 0. 0011 0.0002 0.1508 0.0293 0.1536 39 
40 0.0007 0.0003 0.0823 0.0333 0.0688 40 
41 ~o.oooo 0.0000 -0.0035 0.0031 0.0047 41 
42 0.0 -0.0000 0.0 -0.0033 0.0033 42 
43 0.0 -0.0047 0.0 -0.3421 0.3421 43 
44 ·0.0015 ·0.0051 ·0.0552 -0.3550 0.3592 44 
45 0. 0114 -0.0073 0.3301 ·0.5167 0.6131 45 
46 0. 0132 -0.0074 0.4178 ·0.5966 0. 7283 46 
47 0.0141 -0.0074 0.4894 ·0.65E6 0.8190 47 
48 0.0134 ·0.0073 0.5207 ·0.7184 0.8873 48 
49 0.0113 -0.0038 0.6297 -0.6310 0.8914 49 
50 0.0087 0.0030 0.6583 -0.2348 0.6989 50 
51 0.0077 0.0026 0.7578 0.1629 0.7751 51 
52 0.0 -0.0076 0.0 ·0. 3518 0.3518 52 
53 v(l o 0014 ·0.0082 ·0.0674 ·0.3695 0.3756 53 
54 0.0121 ·0.0112 0.3942 ·0.5362 0.6655 54 
55 0.0147 -0.0099 0.4899 -0.6155 0.7867 55 
56 0. 0151 ·O. 0077 0.5649 -0.6498 0.8610 56 
57 0.0150 ·0.0063 0.6330 -0.6277 0.8915 57 
58 0.0113 ·0.0021 0.6328 ·0.5590 O.BG44 SB 
59 0.0090 0' 0 0 36 0.6818 0.0133 0.6819 59 
60 0.0 ·0.0110 o.o ·0.3396 0.3396 60 
61 -0.0008 ·0.0120 ·0.0563 -0.3542 0.3587 61 
62 0.0109 ·0.0157 0.3480 ·0.4988 0.6082 62 
63 0.0131 ·0.0135 0.4520 ·0.5941 0.7465 63 
64 0.0147 ·0.0070 0.5221 ·0. 5050 0.7263 64 
65 0.0130 -0.0057 0.4786 -0.5293 0.7136 65 
66 0.0129 -0.0009 0.5903 ·0.2822 0.6543 66 
67 0.0 -0.0155 0.0 -0.2602 0.2602 67 
68 O.DD07 ·0.0168 -0.0074 -0.2'144 0.2745 68 
69 0. 0065 ·0.0208 0.1266 ·0.3444 0.3670 69 
70 0.0052 ·0.0159 0.0903 ·0.2706 0.2853 70 
71 0.0 ·0.0048 0.0 ·0.1250 0.1250 71 
72 0. 0017 ·0.0058 0.0308 -0.1150 0.1191 72 
73 0.0 -0.0169 0.0 ·0.2290 0.2290 73 
74 0.0012 ·0.0181 ·0.0028 ·0.2423 0.2424 74 
75 0.0050 -0.0220 0.0944 ·0.2954 0.3101 75 
76 o.o ·0.0163 o.o -0.1695 0.1895 76 
77 0.0 ·O. ooze o.o ·0.0509 0.0509 77 
78 0.0 ·0.0276 0.0 ·0.0276 0.0276 78 
79 0.0033 -0.0292 0.0033 -0.0292 0.0294 79 eo ·0.0007 ·0.0325 ·0.0007 ·0.0325 0.0325 eo 
Bl 0.0 -0.0264 0.0 ·0.0264 0.0264 81 
82 0.0 0.0 0.0 0.0 0.0 02 
83 o.o 0.0 0.0 0.0 0.0 83 
84 0.0 o.o 0.0 0.0 0.0 84 as 0.0 D ,0 0.0 0 .o 0.0 85 
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T 
:il 
a) 0 
"' ... .,-- -r 00/ SL 05 
ll.]l:JJ NO/ltJAJ 73 
113 
0 
"' 
"' "' 
I 
~ ~ 
' 
' 
' 
t) 
"' "' 
' 
" 0 
BULL FORK 
MAT UNIT WT K 
HOVUlUS 
KUR N D 
POISSON RATIO 
G F c PH! FAil. RATIO kO CF 
I 130.0000 5!.0 76.0 1.2600 5.2056 D.30DD 0.1400 69.0000 29.0000 0.9200 0.0 3B.O 
2 130.0000 Sl.O 76.0 1.2600 5.2056 0.3000 0.1400 0.0 31.0000 0.9200 0.5000 38.0 
NP DEL TA-X DEL TA~V X-DJSP V-DISP TOTAl NP 
I 0.0 0.0 0.0 0.0 0.0 I 
2 0.0 0.0 0.0 0.0 0.0 2 
3 0.0 0.0 0.0 0.0 0.0 3 
4 0.0 0.0 0.0 0.0 0.0 4 
5 0.0 0.0 0.0 0.0 0.0 5 
6 0.0 0.0 0.0 0.0 0.0 6 
7 0.0 o.o 0.0 0.0 0.0 7 
B 0.0 0.0 0.0 0.0 0.0 B 
9 0.0 0.0 0.0 0.0 0.0 9 
I 0 0.0 0.0 0.0 0.0 0.0 I 0 
11 0.0 0.0 0.0 0.0 0.0 11 
12 0.0 0.0 0.0 0.0 0.0 12 
!3 0.0 0.0 0.0 0.0 0.0 13 
1 4 0.0 0.0 0.0 0.0 0.0 14 
15 0.0 0.0 0.0 0.0 0.0 15 
16 0.0 -0.0103 0.0 -1.8927 I. 8927 16 
1 7 0.0003 -0.0104 0.0350 -1.8832 I. 8836 I 7 
16 0.0016 -0.0106 0.1004 -1.8403 1.8430 IB 
19 0.0045 -0.0090 0.2087 -I. 7431 1.7555 19 
20 0.0054 -0.0059 0.3916 -I. 5924 1.6399 20 
21 (1.0056 -0.0074 0.4232 -1.5674 l. 6235 21 
22 0.0040 -0.0017 0.4732 -1.2382 1.3256 22 
23 0.0026 -0.0013 0.4848 -1' 0139 1.1238 23 
24 0.0011 -0.0003 0.3604 -0.5238 0.6358 24 
25 0.(1006 -0.0002 0.2343 -0.6665 0.7065 25 
26 0.0001 -0.0000 0.1619 -0.1028 0.1918 26 
27 0.0000 0.0000 0.0048 O.Olti7 0.0154 27 
28 -u.oooo -0.0000 0.0005 ~o.oo1s 0.0019 28 
29 0.0000 0.0000 0.0019 0.0003 0.0019 29 
30 0.0 ~0.0176 0.0 -2.9090 2.9090 30 
31 0.0009 -0.0177 0.0726 ~2.8963 2.8972 31 
32 0.0028 -0.0187 0.1667 -2.8366 2.8427 32 
33 0.0102 ·tl.OIB5 0.4702 -2.7743 2.8139 33 
34 0.0155 -0.0086 0.9941 -2.5405 2.7281 34 
35 0.0163 -0.0133 1.1500 -2.6364 2.6763 35 
36 0.0176 ~o.ooo4 1.7737 -1.8130 2.5364 36 
37 0.0099 ~o.ooot l.Stil9 -1.2218 1.9673 37 
38 0.0047 0.0016 1.2038 0.1417 1.2121 38 
39 0. 0025 ~o.oooo 0.7419 -0.0448 0.7433 39 
40 0.0 -0.0253 0.0 -3.1419 3.1419 40 
41 0.0017 -0.0255 0.0958 -3.1243 3. 1258 41 
42 0.0044 -0.0274 0.2819 -3.0673 5.0802 42 
43 0.0142 -0.0303 0.6545 -3.0397 .3 . 1 0 9tj 43 
44 0 .. 0302 -0.0124 1.7615 -2.9267 3.4159 44 
45 0.0.309 -0.0189 2.1855 -2.7230 3.4916 45 
46 0.0316 0.0033 2.6483 -1.7493 3.1739 46 
47 0.0261 0.0021 3.6241 0.0939 3.6253 47 
48 0.0 -0.0349 0.0 -2.8359 2.8359 46 
49 0.0025 -0.0350 0.1515 -2.7861 2.7902 49 
50 0.0070 ·0.037tj 0.2997 -2.7109 2.7274 50 
51 0.0178 -0.0453 0.9076 ·2.8154 2.9581 51 
52 0.0461 ~0.0208 2.0304 -2.4315 3.1678 52 
53 0.0472 -o .0211 2.0492 -2.8336 3.4969 53 
54 0.0422 0.0058 3.9374 -0.0876 3.9383 54 
55 o.o -0.0483 0.0 -1.9095 ). 9095 55 
56 0.0040 -0.0483 0.1522 -1.7959 1.8024 
56 
57 0.0104 ·0.0520 0.3325 -1.6609 1.6936 
57 
58 0. 0226 -0.0633 0.5831 -1.5832 1.6872 58 
59 0.0546 -0.0422 1.4519 -1.2524 1.9174 
59 
60 0.0615 ~o.ozoe 1.6808 -0.6310 1. 7953 60 
61 0.0 -0.0708 0.0 ~0.0708 0.0708 
61 
62 0. 0071 -0.0717 0.0071 -0.0717 0.0721 62 
63 0.0155 -0.0709 0.0155 -0.0709 0.0725 63 
64 o.o2se -0.0859 0.0258 -0.0859 0.0897 64 
65 0. 0584 •0.0586 0.0584 -0.0586 0.0827 65 
66 o.o 0.0 0.0 0.0 0.0 66 
67 o.o 0.0 0.0 0.0 0.0 67 
68 0.0 0.0 0.0 0.0 o.o 68 
69 0.0 0.0 o.o 0.0 0.0 69 
70 0.0 0.0 o.o 0.0 0.0 70 
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NENPIJRT l-471 BRIOGE RPPRORCH 
-_)'f 
':./'~ -/ ;I-r-7'7 y ~ / 
55 lJO 165 220 275 330 385 440 495 550 
HORIZONTAL DISTANCE fFEETJ 
KilT U!fiT IH 
HD.CODD 
1H.CDOO 
" 
i 
! 
' • • 
'" H 
H 
B n 
u 
" " " " n 
" " " u 
" " " " " ., 
" " " .. 
" .. 
" .. .. 
'" u 
" H 
" ,. n 
" .. .. .. 
" n 
H 
t~ 
" " " " .. 
" " " " " 11 
" .. .. 
" H 
u .. .. 
m ,, 
m m 
"' m 
'!' 
lll 
'" 
;!:I! 
" !" 
! ~: " " 
II! 
n~ 
m 
m 
'" '" '" "' "' "' ...
''" 
l)fLTA•X 
• • -o. con 
·O.OlU 
·0' 02<0 
-a. o1os 
·0. 033B 
-0.0370 
·0. 0425 
-o 0403 
-0.05!4 
-0.0578 
•O.CSH 
-o. 0298 
•0 .0004 
• • ·0- 0116 
·0- 0215 
·0 .0292 
-o .o!52 
-o .o!B7 
-o. 0421 
-0.0471 
·D- osz~ -o. 0563 
•O .0567 
-o. o3l7 
·0. OliO 
-Um -o .03'4 
·O.OHO 
-0. 043S 
-o. o472 -o_ osoz 
-o .OS47 
-0.047Z 
-0' 04!7 
-0.0097 
-a. oou ... 
-o .0351 
•O.OH4 
-o. o4H -o. 0475 
-0.0487 
•0. 0520 
•0 .osoo 
•0 .0334 -o o216 
-0' 0075 
-0.0040 • • •0 CHO -o. 0477 
·0.0487 
·0.049l 
-o. 041D 
•0.0267 
·0 _ 0150 
-o. oo02 
·0. 0025 
-Um 
-0.0477 
-0.0457 
•0' 0443 
•0' 0324 
•0 .0207 
·0. 0116 -o. 0049 
·0. 00'0 ... 
-o .o4o2 
•0 .0439 
•0 .0427 
-o, o3H 
·0.0219 
·0. 0178 
·0. 0076 
-o.ooe9 
-0.0035 
-U4o6 
·0.0409 
·0.0372 -o. o31s 
·0. 0257 
-0.0136 
•0. 0090 
-o .0095 
·0 .0026 
-3:g36~ 
-0. 035! 
·0.0323 
-0.0281 
•0. 0223 
-o. 0130 
-a .0100 
·0 .0077 -o .oo11 
-U211 
•0. 0215 
-o. oz~ 3 
·0. OZ1i3 
•0. 0230 
·C. 0127 
·0. OlD~ 
-o. ooH 
·0. 0049 
-Um 
•0. 0210 
•0. 02~1 
·0. 024, 
-o .0229 
·0 ,0141 
·0' 0064 
·0 .0052 
·0 .00~9 
-8:8u4 
·0. Ol80 
•0' 0230 
-0.0259 
•0. 0244 
•0. 01011 
·0. 0075 -o. oos7 
-0.0042 ... .. . ... ... 
S: ~ ... .. . ... ... ... • • ..  ... 
u u ... 
51.0 " . 
MODUlUS 
'"' 70.0 
76.0 
DEL7A·V ... •• •• •• •• •• ... •• ...•• •• •• ... ... •• O.OOH 
0. 0009 
0. 0008 
0.000'1 
0.0001 
0.0006 
0 .OOOB 
-0' 0004 
-0.0036 
-0.0144 
·0 .024& 
-o .on5 •• 0. 0014 
0 .ODie 
0. 00 I~ 
0. 0012 
0 0018 
0.0001 
-o oooz 
•D.D2H 
•O.h89 
·0 .0336 -o usa ... 
0 0022 
0. 0023 
0. 0017 
0. 0026 
0.0010 -o oo3q 
·o .D31D 
·0 0600 
-0.0621 -o.ozu 
•0. 0020 ... 
0 .002& 
0. DO IIi 
0.0015 
·0. Dl" :um 
·0 .0402 
-0.0015 
·D. 0052 ... 
0.0015 
a. 0040 -o. ooH -o .ozqo 
·D, 0715 
·0. 0578 
-0.0240 
-0.0103 
-0.0054 •• 0 .00~} 
0' 0013 
·D. 0158 
·0. 0536 
·0. 0154 
-0.0453 
•0.0190 
•0.0119 -o, oo~4 •• o. 0016 
-0.0029 
•0. 0303 
•0.0104 
·0. 0702 
·D .059S -o. oD~ 
-0.0160 
·0. 0050 ... 
•0.0029 
•0. 01&~ 
•0 .0517 
•0.0757 
-o .o1o5 
·0.0312 
=~·gm 
-0.0089 .. . 
·O.OU1 
•0. 0351 
·0. 0700 
•0. 0784 
·0.01>05 
=~:m~ 
-0. U220 
• 0. OJ 0~ ... 
lUU 
·0 .0&53 
:g:mr 
•D. 0320 
•0.0!32 
•0 .0152 
:Um 
·0- 0821 
•0. 0189 
-0.0360 
:SJUI 
•0. 017'1 
-0.0192 .. . .. . .. . • • ... .. . ... • • ... ... ... ... ... ... ... ... ... • • ... 
I-471 
• 2600 
. 2600 
X·DISP 
• • ·O.DSH 
-0.2587 
-0' ~845 
·0 .~SZI -o nos 
-o .7897 
·0.9286 
·1.0516 
·1.0168 
-o .ul5 
-0 .~656 
-o. 0450 
0.1435 . ..
·0.25'14 
•0' 4615 
•0' 6258 
·D. 7U9 
·0.6223 
-o. 9004 
:un~ 
-o .835& 
·D .SS1D 
·D. Oilli 
0. 0385 ... 
•0.05'<3 -o .7262 -o .&263 
-o.e91ili 
-0.9608 
·0.9!~3 
·0.81~0 
·0.<;270 
-0.2428 
-o, 0236 
·0. 0591 .. . 
•0.7426 -o.nz5 
·0.6953 
-0.6913 
·0. 71S6 
-0.69~0 
-0.5005 
-0.2217 
•0 .1843 
•0 .0951 -o .0569 
• g JIB~ 
-0.5661 
·O.SH6 
·0.5099 
·0. 3545 -o .2436 
-o .l!IB 
-o .0823 
-0.0342 
-8:fu.; 
·0.4496 
·D-4200 
·0. 3801 
-o .2s1o 
-0.1614 
-0.1091 
-0.0639 
-o, c~4D 
-Usn 
-0.335! -o .3113 
-O.H31i 
-o .2132 
·O,H69 
-0' 0824 
·0.0199 -o. 0367 ... 
·0 .2455 
-o .2311 
-o .2249 
•0' 2021 
·0.1139 
·0.1253 -o. 0741 
·0. 094~ 
·o .oon ... 
•0 .1597 
•0 .1576 
·0 .1501 
·0. 1475 
·0. H02 
·0. 0861 
-o.one 
-o. osu 
0' 0730 ... -o .oa4 
-o .0155 
•0.0789 
-o .oeSI 
•O.OB~~ 
-o. o~u 
·0.0424 
-o. o1u 
·0.0038 
-s:gl" -o·. o 44 
·0. 0423 
·0. 0459 
·0.0420 
·0.0249 
•O.OIH 
-o.ou~ 
·0 .0133 
.s:gl54 
·O.OU2 
·0 .02!0 
-0.0259 
-0.0244 
-0.0108 
-o .oo?S 
·D .0057 
-0.004~ • • • • ... . ..• • ... . ... ... ... ..• • • • • • • • • • ... • • ... . ..
116 
PO!SSOII RATIO 
' 0.3000 
0.3000 
V•DISP . ..... . ..• • • • • • • • • • • • ... •• •• •• 8·. g 
0.0311 
0' 0216 
0.0195 
o.onli 
0. 0)93 
0' 0169 
·0 .0706 
·0 .2115 
•0.3709 
-o.~~H 
·0.45U 
·0. 2005 •• O.H42 
O.OH3 
0.0355 
0.0177 
•0 .0659 
·0. 318! 
·0.66H 
-0.8296 
·D.97BS 
·O.U07 
•0.1352 . ..um 
0.031~ 
0 .01!3 
-o .IB40 
-0' 6005 
-0. 959! 
•0.8184 
•0.~986 
·0.2045 
·0 .06'17 • • o.o3U 
-0.0196 
·0.2689 
·D. 6972 
·0' 9542 
·0 ,,498 
-0' !09'1 
-o .1084 
·0. 0598 ... 
0.0230 :um 
-o. 7224 
·0. 7450 
·O.U18 
·D .1773 
-0.1169 
-o.o5u 
JJm 
·O.!OH 
·0.6284 
•0.6066 
•0.3031 
·0 .1465 
·0 .1060 
·0 .0630 ... 
-0 .0016 
-a. 0944 
•0. 3567 
•0. 5474 
•0.4466 
·0.252B 
·0.0618 -o .uoo 
·0.0477 •• •0. 0510 :um 
·0.4069 
·0 .3292 
·0.1~52 
·0 .OOB'l 
-o, 0974 
-a. oHo •• "'!"' -o. ns -0. 377 
:g:fm 
·0.0637 
·D .0953 
·0. 0965 
·0.0483 
. Um 
-0.081! 
•0.1190 
·0 .1203 
·O.OHO 
·0 .0445 
·0.0911 
·0.0425 -o .o4e4 
.g:&w 
·0 0569 
•0 .08Zl 
-o .0789 
•D .0!60 
•0 .0381 
•0 0261 
:s:ml . ..•• ...•• •• •• ...•• • • ... ... 
u u ... . .  • • ... 
Pltl 
1400 288.0000 26.0000 
1400 0.0 30.3000 
TOTAl 
•• 0. 0562 
0.25B7 
0.4845 
0 .652! 
0 .7ZOB 
0. 7BB7 
0' 9286 
l:~m 
0 .06)5 
0.4656 
~. 0~50 
a .1~35 • • 0.2615 
0.~61& 
0.6261 
D. 741Z 
0 .82l6 
0.9006 
l.D276 
1.0!34 
0.9U4 
0. 7000 
0.~042 
0.2042 • • ~--~~n 
0.8210 
o.eH& 
0.9646 
1.0341 
l. 0537 
0.93!0 
I. 0082 
o.nl6 
0.1478 
Uw 
0.7840 
UHf 
0.1589 
c. 9177 
}. 0821 
0.9060 
8:HH 
0.101.2 •• 0. 5793 
o. ~665 
0.6100 
O.h38 
l. 01&0 
0.6940 
D. 5308 
0 .1361 
0.06!9 
8:~n9 
0. ~SO! 
0. 5230 
0.8164 
0.7H4 
0.4832 
0.2082 
0.1332 
0.0717 
8Jm 
0. !390 
0 .~971 
0.6930 
0.6430 
0.3419 
O.H&l 
8·5Ht . ..
0.2455 
0.2502 
0.4234 
0.5835 
0.4792 
0.2644 
0.1149 
0.1551 
0. 04D5 . ..
0.1677 
0.1984 
g: ~~~: 
0. 3578 
&:nn 
0.0836 • • 0.1029 
0.1~!9 
0' 2504 
0.2575 
0.!95~ 
0. 0790 
0 104! 
0.0972 
0.0485 
0. 0 . 
0 0114 
0. 09!6 
o.lu3 
0.1288 
D.OUO 
0. 0510 
o.09H 
o. 0454 
0.0502 
8:8491 
0. 0617 o. 0&53 
0' 08!0 
O.C4H o. 0396 
0. 0212 
0. 0188 
0. 0196 ... ... ... . .. . ... .. • • ... . ... ... ..... •• g ·8 
• • • • • • ... 
" 
! 
II 
u u 
u 
!l 
n 
" " " H .. 
n 
" " .. .. 
" " " ~~ 
" " .. 
" u 
" " u 
n 
" u 
u 
" " ,.
H 
" " .. u 
" " ~~ .. .. .. 
u n .. .. , .. 
m 
"' '""' "' "' 
!
tn 
IH 
IH 
'" lit 
"' \U 
'" !" " " '" 
!II! " n~ 
"' m 
"' '" '" '" '" "' "' ..  ... 
'" 
FAIL.RATIO 
0 '1200 
0.9200 
~ 
~ .... 
"' "' ~ 
:5 
~ 
-..."' ..._.,
~ 
!::: 
<:<:> 
"""' ..... ..._ 
~ 
"-' 
"<> 
""" 
"' "' 
71 
67 
62 
56 
49 
37 
!'2"5 
13 
"' 0 
1 
30 60 
I -71 34. 5" FILL -P69 
74 
68 69 70 
~~66 
~61 
~""'- 55 
~ 
90 120 !50 !80 210 240 270 300 
H[JR/ZONTfiL 0/STRNCE fFEETJ 
330 
48 
36 
Q4 
12 
~ 
360 
I-75 34.5" FILL 
MODUlUS 
MAT UNIT WT K KUR N D 
POISSON RATIO 
G F c PHI FAIL.RATIO kO CF 
I 114. DODO 51. 0 76.0 l. 2600 5. 2056 0.3000 0.1400 250.0000 24.8000 0.9200 0.0 38.0 
2 121.0000 51 . 0 76.0 1 ,2600 5.2056 0.3000 0.1400 250.0000 24.8000 0.9200 0.0 38. 0 
3 129.0000 51.0 76.0 l. 2600 5.2056 0.3000 0.1400 250.0000 24.8000 0.9200 0.0 38.0 
4 127.0000 51.0 76.0 1.2600 5.2056 0.3000 0.1400 216.0000 26.0000 0.9200 0. 5000 38.0 
5 127.0000 51.0 76,0 1. 26 00 5.2056 0.3000 0.1400 103.0000 29.6000 0.9200 0. 5000 38.0 
6 127.0000 5!.0 76.0 1.2600 5.2056 0.3000 0.1400 0.0 32.0000 0. 9200 0.5000 38.0 
NP DELTA-X DEL TA-V X·DISP V-DISP TOTAL NP 
I 0.0 0.0 o.o 0.0 0.0 I 
2 0.0 o.o o.o 0.0 0.0 2 
3 0.0 0.0 0.0 0.0 0.0 3 
4 0.0 o.o 0.0 0.0 0.0 4 
5 0.0 o.o 0.0 0.0 0.0 5 
6 0.0 o.o o.o 0.0 0.0 6 
7 0.0 0.0 0.0 0.0 0.0 7 
8 0.0 0.0 o.o 0.0 0.0 8 
9 0.0 o.o 0.0 0.0 0.0 9 
10 0.0 o.o o.o 0.0 0.0 10 
11 0.0 o.o o.o 0.0 0.0 II 
12 0.0 o.o 0.0 0.0 0.0 12 
!3 0.0 -0.0110 o.o -0.7507 0.7587 13 
14 0.0028 -0.0103 0.0875 -0.7629 0.7679 14 
IS 0.0032 -0.0087 0.1001 -0.7513 0.7580 IS 
16 0.0034 -0.0063 0 .l 064 -0.7118 0.7197 16 
I 7 0.0031 -0.0040 0.1091 -0.6131 0.6227 17 
18 0.0023 ·0.0020 0.0860 -0.4316 0.4401 IB 
19 0,0019 -0.0015 0.0712 -0.3297 0.3373 19 
20 0.0012 ·0.0008 0.0550 -0.1577 0.1670 20 
21 0.0011 -0.0007 0.0494 -0.1272 0. 1364 21 
22 0.0009 -0.0004 0.0482 -0.0668 0. 0823 22 
23 0.0006 0.0000 0.0379 -0.0035 0.0381 23 
24 0.0 0.0000 0.0 0.0031 0.0031 24 
25 0.0 -0.0113 o.o -0.9550 0.9550 25 
26 0.0033 -0.0106 0' 1023 -0.9599 0.9653 26 
27 0.0042 ~o.oo91 0.1300 -0.9541 0.9629 27 
28 0.0046 -0.0063 0.1736 -0.9030 0.9196 28 
29 0.0044 ·0.0040 0.1401 -0.8047 0.8168 29 
30 0.0038 ~0.0016 0.2160 -0.6000 0.6377 30 
31 0.0030 -0.0012 0.3117 -0.5030 0.5917 31 
32 0.0020 -0.0004 0.1782 -0.0623 0.1887 32 
33 O.C017 -0.0002 0' 1527 -0.1230 0.1961 33 
34 0' 0011 -0.0001 0.0979 -0.0647 0.1173 34 
35 0.0006 0.0000 0.0382 -0.0031 0.0383 35 
36 0.0 0.0000 o.o 0.0035 0.0035 36 
37 0.0 -0.0190 0.0 -1.5271 1.5271 37 
38 0.0046 -0.0182 0.1260 -1.5306 1.5358 38 
39 0.0064 -0.0156 0.2009 -!.5199 1. 5331 39 
40 0.0083 -0.0106 0.2000 -1.3628 1. 3774 40 
41 IJ. 0070 -0.0047 0.6151 -1.5796 1.6951 41 
42 0.0052 -0.0004 0.5012 -0.8898 1. 0212 42 
43 0.0040 -0,0012 0.3757 -0.6811 0.7778 43 
44 0.0020 0.0005 0.6067 0.0354 0.6077 44 
45 0.0017 0,0002 0.4821 0.0139 0.48?3 45 
46 0.0013 0.0002 0.2013 ·0.0073 0.2015 46 
47 0.0006 0.0000 0.0357 -0.0027 0.0358 47 
48 0.0 0.0000 o.o 0.0038 0.0038 48 
49 0.0 -0.0238 o.o ~1.4393 1.4393 49 
50 0.0057 -0.0232 0' 1720 -1.4495 1 'lj596 50 
51 0.009.2 -0.0215 fl. 2455 -1.4161 1.4372 51 
52 0.0142 -0.0151 0.5151 -1.3014 1.3996 52 
53 0. 0138 -0.0039 0.9638 -1.3444 1.6542 53 
54 0.0084 0.0017 I. 0342 ~0.'1523 1.1288 54 
55 0.0080 -0.0024 0.9966 ·0.0685 0.9990 55 
56 0.0 -0.0271 o.o -1.3339 I .3339 56 
57 0. 0064 -0.0265 0.1729 -!. 3240 1.3353 57 
58 0.0104 -0.0260 0.2042 -1.3327 1. 3482 58 
59 0.0219 -0,0189 0.8088 -1.1948 1.4428 59 
60 0.0225 8 0,0006 0.9482 -1.1442 1 '48 6 0 60 
61 0.0122 0.0019 !. 8036 -0.0284 1.8038 61 
62 o.o -0.0352 o.o -0.8225 0.8225 62 
63 0.0078 -0.0354 0.1782 -0.8215 0.8406 63 
64 0.0180 -0.0383 0.3329 -0.8101 0.8759 64 
65 0.0304 -0.0293 0.4741 -0.8984 1.0158 65 
66 0.0398 0.0042 1.0855 -0.1744 1.0994 66 
67 o.o ~0.0510 0.0 -0.0510 0.0510 67 
68 0.0097 -0.0512 0.0097 -0.0512 0. 0522 68 
69 0.0220 -0.0628 0.0220 -0.0628 0.0665 69 
70 0.0339 -o .0361 0. 0339 -0.0361 0.0496 70 
71 0.0 0.0 0.0 0.0 0.0 71 
72 0.0 0.0 o.o o.o 0.0 72 
73 0.0 o.o 0.0 0.0 0.0 73 
74 o.o 0.0 o.o 0.0 0.0 74 
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SUUE CREEK-P69 
70 
66 
[\ 62 
l\ 57 
1\ 
51 
\44 
l\ 36 
24 
12 --- ;-320 400 480 560 640 720 800 880 960 
HDR!ZDNTRL O!STRNCE fFEETJ 
SLATE CREEK 
MODULUS 
MAT UNIT WT K KUR N D 
POISSON RATIO 
G F c PHI FAIL. RATIO KO CF 
1 130.0000 51. 0 76.0 1.2600 5.2056 0.3000 0.1400 0.0 28.0000 0.9200 0.0 38. 0 
2 130.0000 51.0 76.0 1.2600 5. 2056 0.3000 0.1400 0.0 28.0000 0.9200 0.5000 38. 0 
NP DEL TA-X DELTA-Y X-DISP Y-DISP TOTAl NP 
I 0.0 0.0 0.0 0.0 0.0 I 
2 0.0 0.0 0.0 0.0 0.0 2 
3 0.0 0.0 0.0 0.0 0.0 3 
4 0.0 0.0 0.0 0.0 0.0 4 
5 0.0 0.0 0.0 0.0 0.0 5 
6 0.0 0.0 0. 0 0.0 0.0 6 
7 0.0 0.0 0.0 0.0 0.0 7 a 0.0 0.0 0.0 0.0 0.0 8 • 0.0 0.0 0. 0 0.0 0.0 9 I 0 0.0 0.0 0.0 0.0 0.0 10 
11 0.0 0.0 0.0 0.0 0.0 II 
12 0.0 0.0 0.0 0.0 0.0 12 
13 0.0 -0.0047 0.0 -0.5409 0.5409 13 
14 -0.0003 -0.0049 -0.002:3 -0.5462 0.5462 14 
15 0.0002 -0.0047 -0.0146 -0.5422 0.5424 15 
16 0.0031 -0.0033 0.1151 -0.5003 0.5133 16 
17 0.0026 -0.0004 0.1741 -0.4032 0.4392 17 
18 0.0018 -0.0005 0.2176 -0.3523 0.4141 18 
19 0.0013 -0.0008 0.2635 -0.3448 0.4340 19 
20 -0.0006 0.0001 0.0674 -0.1749 0.1875 20 
21 0.0006 0.0000 0.2318 -0.0105 0.2321 21 
22 -0.0005 0.0000 -0.1993 0.0093 0.1995 22 
23 0.0000 -0.0000 0.0154 -0.0113 0.0191 23 
24 0.0 0.0000 0.0 0.0092 0.0092 24 
25 0.0 -0.0051 0.0 -0.7107 0.7107 25 
26 -0.0004 -0.0052 -0.0028 -0.7175 0.7175 26 
27 0.0002 -0.0050 -0.0216 -0.7171 0.7175 27 
28 0.0037 -0.0035 0.1503 -0.6764 0.6929 28 
29 0.0032 -0.0001 0.2423 -0.5815 0.6300 29 
30 0.0028 -0.0003 0.3151 -0.5309 0.6174 30 
31 0.0039 -0.0012 0.6591 -0.6013 0. 8921 31 
32 0.0047 0.0008 1.1391 -0.2373 1.1636 32 
33 0.0005 0.0002 0.2406 0.0697 0.2505 33 
34 -0.0004 -0.0000 -0.2013 -0.0115 0.2016 34 
35 -0.0000 -0.0000 0.0103 -0.0103 0.0146 35 
36 o.o 0.0000 0.0 0.0100 0.0100 36 
37 0.0 -0.0111 0.0 -1.2912 l. 2912 37 
38 -0.0008 -0.0113 -0.0154 -1.2880 1.2881 38 
39 -0.0002 -0.0115 -0.0515 -1.3039 1. 3049 39 
40 0.0115 -0.0095 0.3772 -1.2839 1. 3362 40 
41 0.0135 0.0013 0.8768 -1.1311 1.4311 41 
42 0.0121 -0.0016 1. 2626 -1.0100 1.6169 42 
43 0.0104 -0.0000 2.0813 -1.0439 2.3284 43 
44 0.0037 0.0018 1.5773 0.4794 I. 6466 44 
45 0.0 -0.0199 0.0 -1.4888 1.4888 45 
46 -0.0015 -0.0198 -0.0178 -1.4564 1.4565 46 
47 -0.0002 -0.0217 -0.1030 -1.5262 1.5297 47 
48 0.0214 -0.0194 0.6876 -1.5496 1. 6953 48 
49 0.0206 0.0041 l. 5408 -1.3041 2.0186 49 
50 0.0183 -0.0025 2.1956 -1.0467 2.4325 50 
51 0.0174 (1.0025 2.2577 -0.1486 2.2626 51 
52 0.0 -0.0273 0.0 -1.3130 1.3130 52 
53 -0.0021 -0.0267 -0.0192 -1.2532 1.2533 53 
54 -0.0001 ·0.0305 -0.1053 -1.3737 1.3777 54 
55 0.0278 -0.0281 0.7791 -1.3816 1.5861 55 
56 0.0272 (1. 0086 I. 5980 -0.8941 1.8311 56 
57 0.0237 -0.0040 !. 5370 -0.1593 !. 5452 57 
58 0.0 -0.0370 0.0 ·0.8607 0.8607 58 
59 -0.0010 -0.0354 -0.0129 -0.8073 0,8074 59 
60 -0.0031 -o. 0414 -0.0909 -0.9645 0.9688 60 
61 0.0390 -0.0392 0.7325 -0.8621 1.1313 61 
62 0.0075 0.0199 0.1468 0.4371 0. 4611 62 
63 0.0 -0.0554 0.0 -0.0554 0.0554 63 
64 0.0046 -0.0519 (1.0046 -0.0519 0.0521 64 
65 -0.0152 -0.(1597 -0.0152 -0.0597 (1,0616 65 
66 0.0608 -0.0618 0.0608 -0.0618 0.0867 66 
67 0.0 0.0 0.0 0.0 0.0 67 
68 0.0 o.o 0.0 0.0 0.0 68 
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~ 107 
~ 100 
~ 91 
~ 80 
120 150 /80 210 240 270 300 
HDRJZDNTRL OJSTRNCE fFEETJ 
330 
68 
51 
34 
_17 
360 
I-71 55.0" FILL 
~ODUlUS 
MAT UHIT WT ' "' N ' 
POISSON I'IATJO 
G c PHI FAil .RATIO " CF 
I II' .oooo 51 .0 " . 0 .2600 5 .2056 0 . 5000 • .1400 "' .0000 " .80 DO 0.9200 • .o " 2 121 . DODO 51 .. " .o . 2600 '. 1056 0 . 5000 0 .)400 "' .0000 " 11000 0.9200 0 .. " ' "' nooo 51 . 0 " . 0 . 2600 '. 20~6 0 . 3000 • ~~ 00 "' 0000 " 8000 0.9200 0 .o " ' lZ7' 4000 " . 0 " . 0 .HOD ' .2056 0 . 3000 0 1400 216. 0000 26 . 0000 0.9200 o . • " 5 127. 0000 5I . 0 " 0 .2600 ' . 2056 0. 3000 0. l ~ 00 l 03' 0000 " 6000 tl.9200 0. 5000 " • 127. DODD " . 0 " .. . 2600 5 Z056 0 . 3000 0. 1400 0 0 " 0000 0.9200 0 5000 "· ., DElTA·)( DEt lA-Y X·DISP Y-DlSP TOTAL ., 
I ' 0 0. 0 0 ' 0 .0 '. 0 1 l 0. 0 0. 0 0. 0 0 . 0 0. 0 ! 0. 0 0 0 0 0 ' . 0 0. 0 • 0. 0 0 0 0. ' ' . 0 0.' ' ' ' . 0 ' 0 0. 0 0. 0 o.o ' • 0 . 0 0. 0 0. 0 '. 0 0. 0 ' 7 0 0 0. 0 0. 0 0. 0 0. 0 7 • 0. 0 0 0 0 0 0 0 0. 0 • ' 0.0 ' ' 0 . 0 0 . 0 ' 0 • I 0 '.' ' . 0 ' ' ' 0 '. 0 10 II 0.' 0 . 0 '. 0 0. ' o.o 11 ll 0. 0 0 0 0 0 0. 0 ••• 12 0. 0 0. D 0 .D 0. 0 0. D ll " 0. 0 '. 0 0 .0 0 0 0. 0 " 0. 0 0. 0 0 .0 0 . 0 0 .0 IS 16 '. 0 0.' 0 . 0 0 ' 0. 0 jj 17 0. 0 0. 0 0. 0 0 . 0 0. 0 
IB '. 0 -0.0020 0. 0 
., . 7165 0. 7163 " 19 ·0.0005 •0.0030 -o 0084 -o. 7335 c. 7356 " " ·0.0005 •0.0036 -o . 0135 -o. 77511 0.7739 " 21 ·0.0005 ·0.0042 ·0 . 0026 •0. 7961 D. 7961 21 
22 ·0.0005 -0.00~4 0 .0070 -o. 79111 0. 7982 22 
" ·0 ODDS •0.00~4 0 0124 -0 .nsq 0.7960 " " 0.0007 -o.ooss 0. 0817 -o . 9eo7 0. 9841 " 25 0. 00 I 0 -0.0041 ' 1477 -I . 3353 1. 3434 25 " fl. DOll ·0 '0027 0 2624 -I . 3257 1. 5514 " " 0. 0009 ·0.0016 0. 3526 •I. 06511 1.12:?7 " " 0. 0008 ·0.0010 0 .3329 •0. 6D7 0.6982 " " 0 0006 ·0.0006 0 . 267 0 • 0. 2352 0. 3558 " " 0.0006 -o.ooos 0. 2534 •0 1932 0. 3186 " 31 0.0005 -0.0005 0 2454 -o .1631 0.2947 31 
" 0.0005 -o ooo4 0. 22~4 -o .I 0~1 0.2474 " " 0.0002 -o.ooo1 0. 1516 ·D . 0063 0.1517 " " 0. 0 0.0000 '. 0 0 '0069 0.0069 " " 0. 0 -0.0032 0 0 ·0 6726 0. 8726 " " -0.0002 -0.003lo -0 . 0514 ·0 806 7 o. eee2 l! 37 -0.0006 -0.0042 -0 . 0715 -o 9397 0.9424 
" -O.Il007 •0.0050 -0 . 0669 
_, .9822 0.9845 " " -0.0007 -0.0054 ·0 0569 -0 . 9946 0.9962 " " •0.0007 -D.Il055 -o. 0498 •0 '9998 I. 0010 " 'I 0.0011 -0.0068 0. 27CO -I . 246 7 }.2757 41 
" 0.0011 -0.0058 0. 3597 ·I '5753 1. 6159 " " 0.0009 -0.003<' 0 3351 •I . 5516 1. 5874 " .. 0. 0015 -o.oo22 0 3390 ·I 2694 1. 3139 .. 
45 0. 001 s -0. 0014 0 . 3845 -o. 7874 0. 8763 " " 0 .DOl 0 •0 .0008 0 '4'13 ·0 . 2989 0.5~30 ..47 0.0009 -0.0007 ' . 41 Ol -o .1931 0.453~ 47 " 0.0008 -0.0006 0 ':S863 ·0 .1643 0 4196 .. " 0.0006 •0.0004 0 31!9 •0 . 064'il 0. 3165 " so 0.0003 -0.0001 0. 1760 •D . 0002 o.l76o 50 
51 '.' 0.0000 0 . 0 0 0080 o.ooeo 51 52 '. 0 ~0.0030 0 .o •I .0964 1. 0964 52 
" -0.0003 -0.0036 ·0 1067 -I .1450 1 .1500 !l " •0.0009 -0.0049 -o .I 523 -I . 2469 1. 2562 " •O.COlO •C.0061 -o .1355 ·I . 3089 
}. 3159 55 
" -O.COIC ~c.oo67 ·0. 1209 •I . 3390 }.3445 .. " ~0.0010 • 0. 0070 -o . 1135 ·I . 3561 I .3609 57 " 0. 0015 -0.0087 0 4476 ·I 6~74 I. 6975 " " 0.0036 -0.0084 ' . 7197 •2. 03911 2.1630 " .. 0.0084 -0.0066 0 ''i\439 ·2 2202 2. 4125 60 
61 0.0081 -0.0022 1 . 0612 -I . 9278 2.2006 61 
" 0.0042 •O.OOll 0 '9413 ·I . 2447 1. 5605 62 " 0.0017 -0.0005 0 63 77 -0 . 3532 o.n9o " " 0. 0013 -o.ooo5 0. 5758 -o . ~002 0.6493 " " 0. 001 z -1.0004 0 5282 ·0 .1335 D. 5448 " .. 0.0008 -0.0002 ' .4085 '. 0009 o.to08S .. " 0.0003 -0.0001 0 1970 0. 0071 0.1972 " .. 0.' 0.0000 0 0 0. 0086 0.0086 .. 
" 0.0 ·0.0032 0 0 -o 9510 0. 9510 .. 70 -0.0021 •0.0037 ·0 .lSI Z -I . 071' 1 .1 005 " 71 -0.0051 -0.0056 ·0 3600 •I . 3266 1. 37lo6 71 
72 -0.0057 •0.0079 •0. 3026 ·1. lol44 1 .4464 72 
" -0.0056 •0.0085 -o 2628 -I' lo844 1.5075 73 " -0.0054 -0.0090 -o 2485 -1.4820 1.5027 74 75 1).0048 -0. Ol 20 0 5279 ·1. 7471 ). 8251 75 
76 0.0101!1 •0 .0112 ' .9133 -2.0299 2.U59 " 77 0. 0144 -0.0074 I . 2521 -2.1363 2. 4780 77 
" 0.0116 -0.0016 I . 5463 •1.6026 2. 2270 " " 0.0092 -o.ooo~ 1 . 2103 ·1.1371 1. 6607 " " O.ODlS 0.0004 2 . 4032 0.0069 2. 4032 ..01 0. 0 -0.0019 0 . 0 -0.1152 0.1152 01 
" •0 '0071 •0.0023 -o 5909 •0.651~ 0.8194 " " -0.0145 ·0.0058 -o .8556 -1.21 zz I 41137 " " -0.0182 •0.0113 ·0 6763 •I. 5~56 1.6871 " " -0.0174 •II. 0150 
_, . 6116 •1.5376 .6548 " .. -0.0170 -o. 0156 -o . 5802 -1.59011 .7008 .. 
" o. rn~; -0.0232 0 . 66 70 -1.7536 .11762 " .. 0.0285 •0.0187 I . 3102 =l:~g2~ J·!743 .. .. 0.0293 •0.0067 2 '081!6 . 72?4 " " 0. 0242 0.0015 2 . 2421 -0.9874 2.4499 " 91 o.ol7o 0.0029 2 23 75 0.1247 2. 2410 91 
92 -o. ou:s 0. 0019 -1 . 6530 -Y :In~ 1.6579 92 " •0. 0284 •0.0029 -I 0474 • 5426 " " •0.0316 ·0. 0139 -o 9911 :} J~~~ 1.5911 " " •0.0309 -0.0202 •0 8312 1.7265 " .. -0.0296 -0.0233 •0. 7730 :t ::~~~ 1.6623 " 97 0.0237 -0.03'6 0 . 7474 1.8478 " .. 0.0427 •0.0249 l . 5776 -1 .11577 2. 4372 .. ,!! um -um .92113 -1 .4075 2.4354 " .5091 0. 0333 2.5094 100 I 01 -o .D421 0.0023 ·1 0651 •D. 1249 1· 07Z4 I 01 02 •0.046? tiD. 0150 •D 7546 -0.9042 1.1777 102 
" -0.0~59 -0.0281 ·0 . 7243 -0.8945 1.1510 103 I" •0.0434 -0.0358 -o 7005 -1.0079 f. 2274 '" OS 0. 0338 •0.0515 0 6140 -1 .17114 :JfU IDS  0.0567 -0.0335 l .1212 ·1.2935 106 07 0.0537 0 .(1040 . 21!25 ·0 .1820 1. 2953 101 .. •0.0539 -0.0130 ·0 .336 7 -0.1352 0.3628 JOB 
"' -0.0510 •0.0379 ., . 29.8 8 •0.34~0 0 .4541 109 I!! •0.0478 -0.0502 ·0 . 2740 ·0.3711 0 .4613 II 0 0.0360 -0.0671 ' . 2311 -0.4715 0. 5251 Ill IZ 0. 0662 -0.0474 0 . 4248 -0.3977 0. 51119 112 u D. 0633 •0, DIS<' 0 . 4236 -0.1849 0. 4622 113 -0.0671 -0.0415 •0 06 71 •0.0415 0. 0789 '" ps -c .o615 -O.OSBI -o 0615 •0. 0581 0. 08~6 11S
" ~0.0~25 -0.0596 ·0. 0~25 •0.0596 0. 0732 116 p~ O.Ol90 •0.0769 0 . 0290 -0.0769 0. 0021 jl' 0. OliOS -0.0569 0 '0605 -0.0589 0. 0996 " 19 0' 0821 -0.0476 ' 'Dfl21 •0.0476 I). 0949 119 20 0. 0 '. 0 0 0 '. 0 0. 0 120 
j'l '. 0 0. 0 0 0 '. 0 0. 0 121 22 0. 0 0. 0 ' 0 0 .o 0 .0 122 123 '. 0 • . 0 .. 0 0. 0 0.' 123 
122 
